Cerebral ischemia is characterized by an early disruption of GABAergic neurotransmission contributing to an imbalance of the excitatory/inhibitory equilibrium and neuronal death, but the molecular mechanisms involved are not fully understood. Here we report a downregulation of GABA A receptor (GABA A R) expression, affecting both mRNA and protein levels of GABA A R subunits, in hippocampal neurons subjected to oxygen-glucose deprivation (OGD), an in vitro model of ischemia. Similar alterations in the abundance of GABA A R subunits were observed in in vivo brain ischemia. OGD reduced the interaction of surface GABA A R with the scaffold protein gephyrin, followed by clathrin-dependent receptor internalization. Internalization of GABA A R was dependent on glutamate receptor activation and mediated by dephosphorylation of the β3 subunit at serine 408/409. Expression of phospho-mimetic mutant GABA A R β3 subunits prevented receptor internalization and protected hippocampal neurons from ischemic cell death. The results show a key role for β3 GABA A R subunit dephosphorylation in the downregulation of GABAergic synaptic transmission in brain ischemia, contributing to neuronal death. GABA A R phosphorylation might be a therapeutic target to preserve synaptic inhibition in brain ischemia.
Introduction
The activity of neuronal networks in the CNS is mainly determined by the balance between glutamatergic and GABAergic neurotransmission, which is up-and down-regulated, respectively, during ischemic insults resulting from an insufficient blood supply to the brain (Choi, 1992; Lipton, 1999) . In contrast to the role of glutamate in ischemic damage, alterations in inhibitory neurotransmission remain poorly understood.
The down regulation of GABAergic neurotransmission in the ischemic brain occurs at the pre-and post-synaptic levels (Schwartz-Bloom and Sah, 2001 ). Exposure of hippocampal slices to oxygen and glucose-deprivation (OGD) induces an early release of GABA by exocytosis, followed by a delayed phase of neurotransmitter release mediated by reversal of the plasma membrane transporter (Allen et al., 2004) . The downregulation of vesicular GABA transporters (Gomes et al., 2011) may contribute to the delayed inhibition of the exocytotic release of GABA. GABA A receptors (GABA A R) are the major players in fast synaptic inhibition in the CNS, and a downregulation of the surface expression of GABA A Rs has also been shown in different models of ischemia (Schwartz-Bloom and Sah, 2001) . This is likely to play an important role in the demise process since stabilization of the GABA A R surface expression is correlated with neuroprotection in neurons subjected to OGD (Liu et al., 2010; Mielke and Wang, 2005) , and inhibition of AP2/clathrin-dependent internalization of GABA A R also reduces OGD-induced cell death (Smith et al., 2012) . Together, these evidences indicate that the number of cell surface GABA A R and receptor internalization play a key role in ischemic cell death, but the molecular mechanisms involved in receptor internalization have not been elucidated.
It is generally assumed that the majority of GABA A Rs in the brain are assembled from at least 2 α-, 2 β-, and 1 γ2-subunits (Rudolph and Mohler, 2004) . GABA A Rs present a dynamic mobility between synaptic and extrasynaptic localization (Thomas et al., 2005) , being the accumulation of the receptor at the inhibitory synapses regulated by its scaffold protein gephyrin (Jacob et al., 2005) . Although the strength of inhibitory signaling is determined by the number of GABA A R at the synapse, the internalization of these receptors occurs outside the synapse (Bogdanov et al., 2006) . The rate of internalization of GABA A Rs is negatively regulated by phosphorylation of β3 or γ2 GABA A R subunits on their intracellular loop (Kittler et al., 2005 (Kittler et al., , 2008 . Furthermore, NMDAR signaling via calcineurin and GABA A R phosphorylation also controls the stability of synaptic GABA A Rs (Muir et al., 2010) , but how brain ischemia affects the mechanisms of regulation of GABA A R trafficking has not been investigated. Neurobiology of Disease 65 (2014) 220 -232 
